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Abstract
A current concern in the field of Physical Therapy is whether or not the use of robotics is
beneficial in the gait training of patients and how it compares to conventional therapy. Many
assistive gait training robotic devices have been implemented in the field over the years,
however, for this project I decided to focus on the Lokomat in order to research how it
compares to therapist-assisted gait training in patients with neurologic injuries. There is also a
variety of neurologic injuries that require gait training, but this research project is limited to
stroke and spinal cord injury. Research in this project consists of studies that compared
Lokomat gait training with conventional therapy. Some of the studies suggest that robot-assisted
gait training is superior to manual therapy, while others came up with findings favoring manual
therapy. Some studies even described ways in which robotic devices such as the Lokomat can
be enhanced in order to yield more improvements in the rehabilitation of patients.
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The Use of Robotics in Gait Training
There are numerous studies on the use of robotics in gait training for patients recovering
after a neurologic injury, such as a stroke or a spinal cord injury. These studies focus on how
effective the implementation of robots is in the field of Physical Therapy. The availability of
robots designed to aide in patient gait training continues to increase; however, there is still a lot
of controversy in terms of the effectiveness of these robots (Koenig et al., 2011). Some studies
suggest that manual therapy is inferior to robot-assisted therapy, while other studies drew
conclusions opposing the superiority of robot-assisted therapy. There are also studies that came
up with results that offer more efficient ways in which robotic devices can be used in future
treatments. Robot-assisted gait training can help increase the number o f training sessions while
also making each session longer. Plus, it can also reduce the number of therapists needed for
each patient (Riener et al., 2006). The main concern for robotics in the field of Physical Therapy
is whether or not the benefits outweigh the costs for robot-assisted gait training when it comes
to patient recovery after a neurologic injury.
A variety of robot assistive gait training devices have been created and implemented in the
field over the years. Current automated gait trainers include the Lokomat, the GaitTrainer, the
Robotic Walking Simulator, the Ambulation-assisting Robotic Tool for Human Rehabilitation,
and the Dual Stewart Platform Mobility Simulator (Riener et al., 2006). Although there is a
good amount of research on each o f the various gait trainers, all of the studies discussed in this
paper used the Lokomat to conduct their research. The Lokomat is a two-sided robot-based
apparatus with an attached body-weight support system which is used to help assist patient leg
movement (Riener et al., 2006). The Lokomat was officially introduced in 2000 and continues
to be used to treat patients to this day. It is mainly used to aid in gait training for patients with
neurologic disorders such as a stroke or a spinal cord injury.
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The leading cause of paralysis in the United States is stroke, followed by spinal cord injury.
According to the National Stroke Association ("What is stroke?," 2012), a stroke is a brain
attack that occurs when the blood flow to an area of the brain is interrupted by a blood clot that
can block a blood vessel or cause it to break. Brain cells in the affected area begin to die off
which causes brain damage. The damage of the stroke patient depends on the location of the
brain in which the stroke occurs and the size of damage. Stroke damage may result in partial or
complete loss of speech, movement and memory abilities. According to the U.S. National
Library of Medicine ("Spinal cord injuries," 2012), spinal cord injuries involve damage to the
vertebrae, which can be either a fracture or dislocation o f one of the disks that make up the
spine. In most cases such injuries don't sever the actual spinal cord but do still result in nerve
damage. Such damage occurs when small fragments of vertebrae tear into the spinal cord tissue
or cause excessive pressure to the signal carrying nerve cells. In order for the injury to be
considered a complete spinal cord injury, the injury must be damaging enough to the point
where it is impossible for messages to be carried below the level of injury. On the other hand, in
an incomplete spinal cord injury, one has not completely lost all movement or sensation in
portions of their body effected by the injury.
Robot-Assisted Gait Training Versus Therapist-Assisted Gait Training
According to a randomized crossover study by Mayr et al. (2007), robot-assisted therapy is
more effective than manual therapy for gait rehabilitation after stroke. The study consisted of
sixteen stroke patients most of which were around 3 months after onset. The patients were
randomized into 2 treatment groups for exactly 9 weeks o f treatment. The first group went
through 6 weeks of Lokomat training and 3 weeks of conventional physical therapy. The second
group had to go through 6 weeks of conventional physical therapy and 3 weeks of Lokomat
training. Quantitative measures in this study were gathered from the EU-Walking Scale,
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Rivermead Motor Assessment Scale, 10-meter timed walking speed, 6-minute timed walking
distance, Motricity Index, Medical Research Council Scale of strength, and Ashworth Scale of
tone. The results of the study indicated that within each 3-week treatment interval there was
significantly more improvement during the Lokomat training phase than during the
conventional physical therapy phase (Mayr et al., 2007). Although the study was conducted
with a small sample size, consisting of only sixteen patients, the outcomes and results based on
the data suggest that the Lokomat robotic assistive device positively contributes to the
rehabilitation of patients recovering from stroke (Mayr et al., 2007).
Another study in which robot-assisted gait training was found to benefit patients after a
stroke was a study conducted by Husemann and colleagues (2007). While active walking
exercises are crucial for an effective and successful gait rehabilitation for stroke patients, after
effects of this neurologic injury make such exercises impossible at the beginning of therapy
without the help o f two or more therapists (Husemann et al., 2007). The purpose of this study
was to compare Lokomat training with conventional physiotherapy in order to see what effects
robot-assisted therapy has on gait This randomized study consisted of 30 patients who recently
had an acute stroke. Both the treatment and control groups received 30 minutes of conventional
physiotherapy on a daily basis. In addition to this, the treatment group also received 30 minutes
of daily robotic training while the control group received another 30 minutes of conventional
physiotherapy. The duration of the study was 4 weeks during which data was gathered from
both groups. After 4 weeks of therapy, both groups had improved in their ability to walk with
little difference in results between the two groups. There was also no significant difference
between the two groups in gait speed, cadence, and stride duration. Lokomat therapy did
however prove to be more effective in improving gait pattern of patients in the treatment group.
Another evident advantage of Lokomat therapy, based on the results from a bio-impedance

Running head: THE USE OF ROBOTICS IN GAIT TRAINING
w

analysis, was that it lead to an increase in muscular tissue.
Spinal cord injuries are another common neurologic disorder. Patients with a spinal cord
injury are usually able to walk again; however, the majority o f them cannot walk unsupported
during the first 3 months (Wirz et al., 2011). In order to make gait training possible during these
first 3 months, two therapists must assist the patient with leg movements, while the patient's
weight must also be partially relieved since it is too early for the patient to carry his or her full
body weight (Wirz et al., 2011). This lead researchers to look into robots that can most
effectively assist in the gait training for such patients, which would also allow for longer
training sessions (Wirz et al., 2011). In a recent randomized study by Wirz and colleagues
(2011), the goal was to evaluate the effectiveness of an extended robot-assisted gait training
treatment plan for twenty patients with a chronic incomplete spinal cord injury. The robotic
assistive device used in this study was the Lokomat. From the twenty patients, sixteen were
ambulatory before entering the study while the other four could not walk at all. The duration of
the study was 8 weeks of training with 3 to 5 sessions per week. Patients were randomly
assigned to one of two treatment groups. The first group was assigned to standard training
where each session lasted about 25 minutes. The second group had to go through intense robotassisted training with a session duration of at least 50 minutes. The results from the study
showed statistically and functionally significant improvements in both endurance and walking
speed for about half of the sixteen patients that were ambulatory prior to the study. These
improvements were observed in the intense training robot-assisted treatment group.
In some cases conventional therapy has proved to be more beneficial for patients than robotassisted therapy (Galvez et al., 2011). In a study consisting o f forty-eight chronic stroke
survivors, Hornby and colleagues (2008) wanted to determine the extent of ambulatory
improvements by comparing conventional therapist-based gait training with robot-assisted gait
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training. Patients were either placed in the robot-assisted or therapist-assisted training group.
Both treatment groups had to go through 12 sessions with each session lasting about a half hour.
Patients who were assigned to the robot-assisted group had their gait training on the Lokomat
which provided them with continuous stepping assistance. Patients in the therapist-assisted
training group received manual assistance from a therapist who provided support to the
weakened/partially paralyzed limb in order to facilitate stepping. Hornby and colleagues (2008)
made sure that both treatment groups were provided with similar training conditions in order for
each patient to have equal amounts of stepping practice. Symmetry, gait speed, activity, and
participation were data measures obtained from both treatment groups in this study. Based on
the results from this study, there was greater improvement in gait speed and impaired limb
stance for the stroke survivors who received therapist-assisted treatment.
Another study that compared conventional gait training with robot-assisted gait training was
a study by Hidler and colleagues (2009) in which the subjects were individuals with sub-acute
stroke. This randomized clinical trial consisted of sixty-three participants who were less than 6
months post-stroke with a walking speed range between 0.1 to 0.6 meters per second prior to
participation in this study. All participants went through 24 one-hour sessions o f either
conventional gait training or Lokomat training. Measures were taken at the beginning of the
study, after 12 sessions, at the end of the study, and 3 months after completion of the study. The
primary data measures analyzed for this study were the walking speed and walking distance in a
6-minute time frame. Based on the results, when the two treatment groups were compared,
participants who were in the conventional gait training group had a bigger increase in walking
speed and distance than those that were in the Lokomat training group. These results suggest
that conventional gait training is more beneficial for patients with sub-acute stroke.
Comparing and Contrasting the Research Studies
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The use of robotics in gait training has shown to be beneficial in some cases and inferior to
conventional therapy in others. After reviewing the mentioned studies, one might wonder what
exactly accounts for the different results among these studies. All studies tested the efficiency of
the Lokomat and yet yielded different results. In the study by Mayr and colleagues (2007), the
participants involved were stroke patients. Compared to the other studies conducted on stroke
patients, participants in this study were initiated only 3 months after having a stroke. This was
relatively close to onset which may suggest that the use of robotics in gait training, specifically
the Lokomat, is more beneficial for patients with more severe impairments due to recent stroke.
In another study on stroke by Huseman and colleagues (2007), patients showed significant
improvements in gait pattern. In terms of regaining gait function, neither robot-assisted nor
conventional physiotherapy proved to be more effective. The time-span of this study was only 4
weeks as compared to the study by Mayr and colleagues (2007) which was conducted over 8
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weeks. Both studies also had a relatively small sample size, consisting of no more than thirty
participants. A small sample size can make it difficult to generalize findings from a study. Both
studies found the Lokomat to be more beneficial for severely impaired stroke patients going
through gait training.
The other two studies on stroke came up with findings opposing the beneficial superiority of
robot-assisted gait training. In other words, these studies found that conventional therapy is a
more efficient treatment method. In the study conducted by Homby and colleagues (2008),
therapist-assisted gait training yielded better results in terms of gait speed and impaired limb
stance as compared to robot-assisted training. Hidler and colleagues (2009) came up with
similar results that essentially lead to similar conclusions/outcomes. Unlike other studies on
stroke patients, the ones conducted by Homby and colleagues (2008) and Hidler and colleagues
(2009) had participants go through either Lokomat or conventional gait training. In other words,
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there was no mixed treatment between the two treatment groups in each study and both went
through equivalent training conditions. Both studies consisted of relatively large sample sizes so
the outcomes and conclusions can be generalized for stroke patients, specifically those with
sub-acute or chronic stroke.
Discussion
Although there are enough studies to either support or oppose the superiority and
effectiveness of robot-assisted gait training, all studies found some sort of benefits from using
the Lokomat. Such benefits include walking speed, improved gait pattern, and muscle tone.
Even though the studies by Homby and colleagues (2008) and Hidler and colleagues (2009)
found conventional therapy to be more effective, they still observed improvements in
participants who went through robot-assisted gait training. Studies supporting conventional
therapy seem to indicate that the Lokomat is far from perfect and can be limiting to patients.
W

The current Lokomat tends to limit the amount of freedom of motion of the the patient’s leg.
This is a limitation that doesn't occur in natural movement, where muscle movement patterns
occur through natural means (Cai et al., 2006). The results from a study conducted on mice by
Cai and colleagues (2006) suggests that assist-as-needed robotic gait training with low limb
coordination control yields faster recovery in walking ability than training with a fixed pattern
robot. Other treadmill-based robots that might become available for commercial use in the near
future will be customized to the specific needs of the patient. Such robots will provide
consistent gait patterns that are essential for modulating the amplitude and timing of the muscle
activity of the lower limbs (Riener et al., 2006).
In contrast, manually assisted treadmill gait training provides physical interaction between
the therapist and the patient. When a patient goes through manually assisted therapy, the
w
therapist is able to physically interact with that patient through asking questions and observing
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the patient for any signs of discomfort or pain (Riener et al., 2006). Manually assisted therapy
also has limitations. It requires more than one therapist per patient which means the duration of
training will be limited due to personnel shortages and therapist fatigue (Riener et al., 2006).
Therapist fatigue will occur as a result o f labor-intensive training and unfavorable seating
posture. Robots, such as the Lokomat, can help increase the number of training sessions while
also making each session longer. Plus, such robots can also reduce the number of therapists
needed for each patient (Riener et al., 2006). Patient gait training should definitely be aided by
robots, but these robots need to operate in a human-centered way in order to truly enhance the
rehabilitation of patients. They need to account for and adapt to the amount of effort a patient
puts in, as well as the patient's intentions and musculoskeletal properties (Riener, 2006).
When it comes to patient recovery after a neurologic injury, robot-assisted gait training
provides numerous benefits but still cannot replace conventional therapy. Conventional therapy
continues to provide benefits to patients and also makes physical interaction possible between
the therapist and the patient. Robotic devices can be enhanced so that they yield more
improvements by having them operate in a human-centered way. There is reasonable amount of
research supporting and opposing the use of robotics in the gait training of patients. Overall,
robotics have definitely proved beneficial in the field of Physical Therapy, especially for
patients with more severe impairments. They can allow for longer therapy sessions while also
decreasing the workload of Physical Therapists.
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(Picture by courtesy of Hocoma AG)
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